Background: Plasma zinc and vitamin A concentrations have been reported to be low in tuberculosis (TB) patients in some studies, although it is not clear whether this constitutes a risk for a more severe clinical presentation among TB patients. The acute phase reaction may also deplete zinc and vitamin A in the plasma. Therefore, we further studied these associations. Methods: We carried out a cross-sectional study among newly diagnosed sputum smear-positive TB patients in East Nusa Tenggara. The patients were categorized as either mild TB when Karnofsky Score (KS) X80 or severe TB (KS o80). Body mass index (BMI), mid upper arm circumference (MUAC), chest radiograph, and the results of hemoglobin, erythrocyte sedimentation rate, albumin, C-reactive protein (CRP), zinc and vitamin A in plasma were correlated with TB category. Results: A total of 300 TB patients participated in the study (63% male and 37% female), and were categorized as mild TB (53%) or severe TB (47%). Vitamin A, hemoglobin and plasma albumin were significantly lower, and CRP was significantly higher, in severe TB than in mild TB, and the active lesion area on the chest radiograph was greater among severe TB patients. In a multiple regression analysis, after adjustment for CRP, low vitamin A (b ¼ 3.2, 95%CI (confidence interval) 1.6-4.9, P ¼ 0.000) but not zinc, correlated with the severity of TB. MUAC was better than BMI as a predictor of TB severity (b ¼ 1.3, 95%CI 0.6-6.2, P ¼ 0.000). Conclusions: Severe TB was associated with vitamin A deficiency. MUAC can be applied as a measure of TB severity.
Introduction
Malnutrition is a major public health problem in all developing countries including Indonesia. It increases susceptibility to and severity of an infection (Muller and Krawinkel, 2005) and tuberculosis (TB) is a prominent example (Cegielski and McMurray, 2004) . Malnutrition as reflected by a low body mass index (BMI) is common among TB patients (Metcalfe, 2005) and it increases mortality from TB (Zachariah et al., 2002) . Thus, malnutrition seems to be an important determinant of clinical outcome of TB. In addition to BMI, other nutritional indicators, such as mid upper arm circumference (MUAC) and percentage of fat, are also associated with malnutrition.
Apart from macronutrient deficiency, deficiency of micronutrients has been shown to be an important determinant of TB outcome. Two important micronutrients that have been studied recently in Jakarta are zinc and vitamin A. In this case-control study, it was found that zinc and vitamin A deficiency were more prevalent among sputum smearpositive (SS þ ) TB patients than in matched healthy controls, thus contributing to the susceptibility for TB (Karyadi et al., 2000) . This conclusion is supported by in vitro and animal studies that showed the role of vitamin A (Villamor and Fawzi, 2005 ) and zinc in cell-mediated immunity (Prasad, 1998) , the important host defence mechanism against TB. Although micronutrients such as zinc and vitamin A may affect the immune status, the mechanism by which these micronutrients influence the outcome of TB is still unclear.
The effects of zinc and vitamin A on the immune response lead to the question whether deficiency of these micronutrients poses a risk for severe TB. However, it is not easy to prove this notion, as the acute phase response in inflammation causes depletion of plasma zinc (Walravens, 1979) and vitamin A in the form of plasma retinol (Paracha et al., 2000) . In this study, we investigated whether severity of TB was associated with low plasma zinc and retinol, adjusted for C-reactive protein (CRP) level and its clinical determinants. The results may justify interventions with zinc and vitamin A on top of TB treatment.
Participants and methods

Study design, location and participants
We carried out a cross-sectional study in four districts, covering 21 primary health centers (Puskesmas) and three district hospitals in Timor and Rote Islands, East Nusa Tenggara (NTT) Province, Indonesia. Participants were newly diagnosed SS þ pulmonary TB outpatients, who presented at the provincial hospitals or primary health centers. The inclusion criteria were new SS þ pulmonary TB, age 15-55 years and not pregnant or lactating. Exclusion criteria were diabetes mellitus, heart disease, and accident or trauma or a surgical procedure within 1 month before inclusion into the study. HIV testing was not carried out. All eligible patients were informed about the study and signed an informed consent form. Ethical clearance was provided by the Board of Research Ethics from the Faculty of Medicine, University of Indonesia, Jakarta.
Data collection
Personal interview and clinical examination. Interviews using structured questionnaires were used to collect the sociodemographic background and data on medical history. Subsequently, the patients were thoroughly examined by medical doctors trained for the research purpose at the district hospitals (WZ Johannes, Kefamenanu and Ba'a). On the basis of this information the Karnofsky score (KS) was calculated, ranging from 0 (dead) to 100 (normal). Diagnosis of TB was on the basis of three times sputum smear examinations (SS þ ) in accordance with the National TB Program guidelines from the Ministry of Health of the Republic of Indonesia.
Chest X-ray examination. Chest radiographs were made of all patients after the diagnosis of TB and were evaluated by judging the visible active lesion area in both the lungs. In patients with cavities, the total area of exposed cavity wall was calculated from the radius of visible cavities (pr 2 ) as described earlier (Karyadi et al., 2000) .
Anthropometric measurements. Body weight was assessed using an electronic platform model weighing scale (770 alpha; SECA, Hamburg, Germany) to the nearest 0.1 kg. Height was recorded to the nearest 0.1 cm using a microtoise, BMI was calculated using these data (kg/m 2 The percentage of total body fat was on the basis of anthropometric data, and calculated using the Durnin and Womersley equations (Durnin and Wormesley, 1974) .
Blood collection and analyses. Fasting blood samples were collected between 0800 hours and 1000 hours in the district hospital. Approximately, 5 ml of the whole blood was taken by venipuncture into 5 ml vacutainers (Greiner Bio-One, Germany) containing EDTA. Hemoglobin, erythrocyte sedimentation rate and serum albumin were determined at the district hospital laboratory on the same day. Plasma was separated after centrifugation of blood at 750 g for 10 min at room temperature, and then stored at À20 1C until analysis of CRP, retinol and zinc. Specimens were transported at a temperature of À160 1C using dry ice, in cryoboxes to avoid direct sunlight. The cut-off points for normal hemoglobin were 412 and 413 g/100ml for women and men, respectively. Erythrocyte sedimentation rate was assessed using Westengren technique with a normal value o20 mm/ h. Serum albumin was measured using a spectrophotometer (Microlab 300, Merck, Germany) with a normal range 35-52 g/l. CRP was measured using ELISA (Enzyme-Linked Immuno-Sorbent Assay) method with a normal value o10 mg/l. Plasma retinol concentration was measured by HPLC (High Performance Liquid Chromatography), values o0.70 mmol/l were regarded as indicating vitamin A deficiency. Plasma zinc was analyzed using Atomic Absorption Spectrometry with normal values p10.7 mmol/l (Dijkhuizen et al., 2004) .
Food intake questionnaire. Food intake was assessed on the basis of 24-h recall and semi-quantitative Food Frequency Questionnaire to estimate the intake of energy, protein, fat, carbohydrate, vitamin A, zinc and iron. The 24-h recall was conducted on the weekdays. Each 24-h recall was conducted using a standardized four-stage protocol (Gibson, 1993) . Part of the training session consisted of determining the differences between the amount estimated by each trainee and the actual weight of the food. An acceptable training level was considered when the average difference between the trainee's estimate and the actual food weight was p5 g. We used Nutrisurvey 2005 r SEAMEO TROPMED RCCN, University of Indonesia, to convert the weight of the food into total calories, grams of fat, protein and carbohydrate, and zinc and vitamin A intake.
Laboratory definitions. Vitamin A deficiency was defined as plasma retinol concentration below 0.70 mmol/l (De Pee and Dary, 2002). Zinc deficiency was defined as plasma Zn concentration 10.7 mmol/l or below (Karyadi et al., 2000) .
Statistic analysis
One sample Kolmogorov-Smirnov test was applied to examine normality of the data. For not-normally distributed variables, we examined differences of medians between groups using Mann-Whitney U-test for significance, and independent student-t test to test differences between means for normally distributed variables (Petrie and Sabin, 2000) We measured predictors using stepwise linear regression analysis (Hosmer and Lemeshow, 2000) .
Results
Patients were recruited between January 2004 and June 2005. Of the 497 patients initially enrolled, 348 fulfilled the entry criteria. Reasons for exclusion of the 149 were age over 55 (83) or below 15 years (5), relapse (23), lactating mothers (11), extra-pulmonary TB (9), co-morbidity with diabetes mellitus (5), hepatitis (5) and other causes (8). A further 48 patients did not participate because of: lost to follow-up (11), living in very remote area and out of the coverage area of the primary health centers (4) and refusing to participate (33).
Therefore, data are presented of 300 patients. On the basis of KS, 140 (47%) out of these were classified as severe TB and 160 (53%) as mild TB. Most of the patients had chronic cough (98.3%) and weight loss (90.7%); other frequent symptoms were anorexia (65.3%), shortness of breath (45.3%) and hemoptysis (67%). Table 1 shows the clinical, laboratory and radiographic characteristics of the patients. Younger patients were found significantly more often within the mild TB group. No difference was found for gender. It is interesting that people indigenous to Timor and Rote had more severe TB than the other ethnic groups. There was a tendency for higher degree of acid-fast bacilli positivity of the sputum smears in patients with severe TB (P ¼ 0.056). Most patients showed low BMI, the mean BMI was 16 Kg/m 2 , sub-categorized as severe malnutrition (43.7%), moderate malnutrition (16.3%), mild malnutrition (23%) and normal BMI (17%). Median MUAC in the 300 patients was 21.2 cm (IQR (interquartile range) 19.8-23.3 cm). Mild TB patients had significantly higher mean BMIs and MUACs than those with severe TB (P ¼ 0.000). The area with active lesions on chest radiographs was significantly greater in severe TB (P ¼ 0.000), but no significant differences were found for the presence of cavities and the cavity areas. Among the patients with a normal CRP, zinc deficiency occurred in 30.2% and vitamin A deficiency in 19%. When comparing mild and severe TB, there was no significant difference with regard to the occurrence of zinc deficiency, but vitamin A deficiency was significantly more frequent among patients with severe TB (P ¼ 0.000). We found significant correlations between BMI, MUAC, KS and plasma retinol, regardless of whether CRP was elevated or not. Spearman correlation coefficient between BMI and retinol was 0.3 (P ¼ 0.000), and between BMI and KS was 0.5 (P ¼ 0.000). Similarly, the correlation coefficient between MUAC and retinol was 0.3, and between MUAC and KS was 0.5. In stepwise linear regression analysis, age, ethnicity, MUAC, CRP and plasma retinol were significant predictors of severity of TB (Table 2) . BMI, gender, presence of cavities and zinc status were not the significant predictors.
The 24-h food recall of all patients showed lower intake than the recommended daily allowance for Indonesia (Table 3 ). The energy intake of this study group reached roughly one-third of the recommended amount, and the protein intake reached only approximately half of the recommendation. Regarding zinc and vitamin A intake, our study population consumed approximately half of the recommended daily allowances. Significant differences in energy intake (P ¼ 0.02), protein intake (P ¼ 0.007) and zinc intake (P ¼ 0.048) were found between mild TB and severe TB (Table 3) .
Discussion
In this study we showed that plasma concentrations of retinol, but not zinc, were associated with the severity of TB, on the basis of KS, after adjustment for CRP concentration in plasma. Similar findings were found for age, ethnicity and MUAC. Our findings are in line with the study in Malawi that found vitamin A deficiency, and not zinc deficiency, to be associated with wasting among TB patients, regardless of the HIV serostatus (van Lettow et al., 2004) . In that study, vitamin A deficiency might have been influenced by the inflammatory process, but inflammation markers such as CRP were not measured. Thus, vitamin A deficiency might have been overestimated. The inflammatory process downregulates protein production by the liver, such as albumin, retinol-binding protein and other proteins for transporting minerals, thus causing depletion of such vitamins and minerals. Whether vitamin A deficiency can be diagnosed in the presence of inflammation has been the subject of debate for a long time. Thurnham et al., (2003) suggested to use inflammation markers, that is, CRP and a 1 -acid glycoprotein, to classify patients as vitamin A-deficient. However, categorizing patients on the basis of CRP concentrations does not completely solve the problem because an existing vitamin A deficiency may become worse because of the inflammation. CRP correlates negatively with plasma retinol. In addition, it makes a difference whether one deals with overt vitamin A deficiency (such as night blindness) or with subclinical vitamin A deficiency. A study among children with night blindness found that a classification on the basis of CRP did not give the expected prevalence of vitamin A deficiency, but instead led to sampling bias (Maqsood et al., 2004) . The participants in this study, like those in the study by Thurnham et al. had no symptoms of vitamin A deficiency, therefore we only dealt with subclinical vitamin A deficiency. Therefore, we measured the association of low plasma retinol with TB severity using stepwise linear regression analysis after adjustment for CRP. Active lesions on the chest X-ray in severe TB were more pronounced than in mild TB. Extensive active lesions are associated with a higher degree of inflammation in the lung (as reflected by higher CRP), which in turn may reduce appetite and results in decreased food intake. Both groups showed low intake of energy, protein, zinc and vitamin A compared with the standard recommended daily allowance for Indonesia (Table 3) . Thus, the low retinol concentrations in this study may have been a direct consequence of poor food intake or, indirectly, a consequence of the chronic inflammation.
Zinc concentrations were not different between severe and mild TB. Both groups showed mean concentrations above the cut-off point for zinc deficiency. This finding differs from that in other studies, reporting that plasma zinc concentrations declined during infections as a result of the acute phase response (Brown, 1998) . Another explanation would be that plasma zinc may be transiently low, particularly during the acute phase of the inflammatory process, and that the homeostatic mechanisms restore the zinc concentration in plasma, as the plasma zinc represents only 0.2% of total body zinc (Brown, 1998) .
We found that BMI, percentage of the body fat and MUAC were significantly lower among severe TB patients, although in linear regression analysis only MUAC was a predictor of severity of TB. MUAC and BMI are commonly used as indicators of malnutrition. However, MUAC reflects a more severe condition, as it also reflects muscle wasting. For screening in children, MUAC is an important indicator predicting mortality (Briend et al., 1987) , but it is not commonly used for monitoring and follow-up of patients (Alam et al., 1989) . There is an indirect correlation between MUAC and vitamin A deficiency. MUAC merely reflects long-term energy and protein deficiency and this may be also associated with vitamin A deficiency. More importantly, however, vitamin A needs fat for its absorption from the gastro-intestinal tract, and retinol-binding protein for transportation. Thus, low MUAC in TB patients may be used as a better predictor of poor nutrition, and might indicate vitamin A deficiency; it is more reliable than BMI.
In general, our patients presented with advanced TB, as most of them reported chronic cough, hemoptysis, anorexia and loss of weight. Delayed presentation and treatment likely caused the patients to lose appetite and become severely malnourished (indicated by low MUAC). Low intake of vitamin A and the disease itself caused low plasma retinol concentrations, and decrease of immune response. This in turn resulted in more severe TB.
To summarize, our findings show that the clinical severity of TB is associated with low plasma retinol concentrations, but not with changes in plasma zinc. Low retinol may be the consequence of both inflammation and low intake. MUAC is better than BMI as a predictor for severity of TB. These findings may contribute to the justification for nutritional and particularly vitamin A supplementation among TB patients. Recommended daily allowance for men and women aged 19-29 years was used according to the mean age of the patients in the study (28 years). b Significant differences were found using Mann-Whitney U-test.
